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SUMMARY 

During the  acceptmce tes-ls of t're Bel l  X-5 airplane, meesurements 
of  t h e   s t e t i c   s t a b i l i t y  and control   character is t ics  and horizontal-tail. 
loads were obtained by the NACA High-speed Flight Research Station. The 
resu l t s  of t he   s t zb i l i t y  and control measurements ere  presented  in this 
peper . 

A c k g e  ir- sweep angle between 20° and 59' had a xinor efTect on 
the longitudinal t r i m ,  w i t h  e maxinum chmge of about 2.5O io elevator 
deflection  being  required at a Mech nu-ber Gear 0.85; however, sweeping 
the wings produced a to ta l   s t ick- force   chage  or" about 40 pounds. 

A t  low Mach nmbers  there was a rasid increase  in  stabil i- iy a t  
high  normal-force  coefficients  for  both 20° a-nd 40' sweepback, whereas 
a condition of neut ra l   s tab i l i ty   ex is ted   for  58' sweepback at hig:? 
normal-force coefficients.  A t  Mzch mmbers near 0.8 there  was an 
ins t ab i l i t y  a t  nom-&-force coefficients above 0.5 f o r  all s-weep angles 
teste&. In  the low nomal-force-coeffLciect  range a high  aegree of 
s t ab i l i t y   r e su l t ed   i n   h igh   s t i ck  Torces -which limited the maximm load 
fac tors   a t ta inable   in  the demonstratlon f l igh ts   to   va lues  e e r  5g f o r  
e l l  sweep angles at a hkch number near 0.8 and an  a l t i tude of 12,000 fee t .  

The aileron  effectiveness at 20' sweepback was fomd to be low over 
the Mach number range  tested. 

IKPRODUCTION 

Ir- order t o  inves t iga te   in  flight the ef fec ts  of 1z;rge vari&tions 
of sweep angle, t i e  B e l l  X-5 eirplane WES obtained as par t  of the high- 
speed research srogram of the A i r  Force-Navy-National Advisory Coymittee 
f o r  Aeronautics. The X-5 airplane h s  flight-variEble sweepback 
between 20° and 60'. 

- 
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The acceptance  tests or" the X-5 aimlane were  initiated  at  Edwards I 

Air  Force  aase,  Calif.,  by  the  3ell  Aircraft Cow.  with 20 flights and 
were completed  by  tke Air Force  witk an additional 6 flights.  During 
the  acceptance  tests?  stability a d  control  characteristics  and  horizontal- 4 

tail lmds were  obtained 5y the  XACA  High-speed  Flight  Research  Station. 
I 

The  results of the  horizontd-tail  loads  obtained  during  the  accept- 
ance  tests  %ve  already  been  prepared.  (See  ref. 1. ) The  present  paper 
presents  the  static  stability  and  control  date  obteiaed  at  sweep  angles 
of 20°, 40°, and 58'. 

SYMBOLS 

airplane  weight, lb 

w i n g  area of sweep  angle  tested, sq P t  

r d n g  span, f-i 

sweep  engle of quar-ker chord of wing maswed between  the 
normal to  the  airplane  line of sylrmetry  and  the  quarter- 
chord  line,  deg 

tail  incidence,  deg 

control-surface  deflection,  deg 

engle of attack,  deg 

stick  force,  lb 

Toean aerodynamic  chord,  ft 

rolling  velocity,  radians/sec 

M&ch  number 

indicated  velocity, K2h 

true  velocity,  msh 

dynmic pressure,  lb/sq ft 

pressure altitMe, ft 

nom11 acceleration, g units . 
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g acceleration due t o  gravtty,  Zt/sec 

%A a i r p u e  normal-force coefficient,  nW/qS 

2 

C l oca l  chord, f t  

h t q e r   r a t i o  

A aspect  ratio 

bcr wing span, based on equin1en-l t i p  chords, f t  

( X F > ~  static margin of wing-A”uselage combinEtion, percent m e a n  
aerodynamic  chord 

L t i m e ,  sec 

(a.c. )wF aerodmmic  center of wirg-fuselage  combination,  percent 
aean   aerodyndc  cho-rd 

X distance from aerodyndc   cen ter  of  wing-fuselage  combination 
to  airplane  center of grad ty ,   pos i t i ve  i f  (a. c. )m i s  
forwcrd of center of gravity, f t  

L t  aerodymmic horizontal-tail  load (up t a i l  load posit ive),  lb 

S t  area of horizontal tail,  sq f t  

pb/2V wing-tip  helix arlgle, redians 

Subscripts : 

e elevator 

a ai leron 

T t o t a l  

WF wing-fuselage  combination 

ClESCRIPTION OF THE AIRpLAFiE 

. 
The Bell X-5 airplene is a trmsonic  research  airplane  incorporating 

a wing  whose sweepback is f l i g h t - m i a b l e  between 20’ and 60°. It is a . - 
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sirgle-place  fighter-type  airplane  powered  by  an  Allison J-35-A-17 
turbojet  engine.  Photographs  of  the  eirplane  ere  given in figures 1 
and 2 arid a three-view  drawing  is  presented  in figme 3. Sozie dixensions 
on  the  ei-lar-e  are  Eeasured.  as a distm-ce  aft  of  fuselage  station "0" 
shown in figue 3. 

A s  the  wing  sweep  -le  is  varied,  the  wirg  pivots  about  the 
38.02-percent-chord  point  at  the  wing  root  (27.2  in.  ou-iboard  of  the 
line of symn;etry) and aiso translates formrl! or rewward. Figure 4 
shows the  variation  with ? d i n g  sweep mgle of the w i n g  pivot-point  loca- 
tion  given  as 6 xeesured  distance TO the  rear of fuselage  station 0. 
The  sweep-angle  limits  indicated  in  t5Fs  figure  are 20.25' to 58.7' 
and  are  fixed  by  limit  switches on the  airplane  which  prevent  interfer- 
ence  between  the  wing  root anci the  fuselage  fairings. The tolermce of 
these  limit  switches  is  a5odt K) .lo, a d  by  changing  the  setting of the 
limit  switches  the  minimum  and  maximum  sweep-=le  limits m6.y be  slightly 
change?. A s  also  indicated  in  figure 4, the  wing my Se transleted 
forwsrd or rearward 4.5 inches froin the  mean  transiation  line,  except 
at  the  end  points,  without  changing  the  wing  sweep  angle. The physical 
characteristics 03 the  wing c k g e  as  the  wing  sweep  angle  is  varied. 
The nrietion of  these  charscteristics  with  sweep  angle is presented 
in figure 5 and  table I. All wing  Shysical  characteristics were defined 
by  standard NACA zethods.  It  may  be  r-oted  in  figure 5 that  the  mean 
aerodynamic  chord cbmges both in length end position BS t'ne wing  sweeD 
angle  is  changed.  Therefore,  positions  expressed  in  percent of the 
xean  aerodynamic  chord et various  sweep  argles  are  not  directly  corn- 
perable. The center-of-gravity  posltions f o r  the  data shown in fig- 
ures 6, 7, 10, 11, 12, 14, and 15 are  given  in  teble 11. 

INSTRUIYEWATION AND ACCURACY 

The  following  quantities  were  recorded on NACA internal  recording 
instruments  synchronized  by a common  tiner: 

Vertical,  longitLdinal, end trmsverse acceleration 
Sensitive  1ongFtudinel  acceleration 
Rolling zaguler velocity 
Pitching  m@ar  velocity asld aceelerstion 
Yaving  angular  velocity  and  acceleration 
Airspeed  and  altitcde 
Angle  of  sideslip a d  angle of attack 
Control  positions 
Wing sveep  angle 
Elevator a d  aileron  stick  forces 

Strain  gages  were  installed to record shear and bendi24  xoxents  on  the 
horizoritai  tail. . 
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An NACA t m e  A-6 totel-pressure  tube  described in   reference 2 was  
mounted OE e nose boom epproxihtely 1.1 maxinun fuselage  diameters 
forward of the nose of t he   a ip l ane .  The posi t ion  error  of the  tube 
was celibrated by the  "fly-by metho6  up t o  M = 0.70 and ebove M = 0.70 
by t'he rdar-phototheodolite  nethod  presented in   reference 3. The 
e s t h z t e d   e r r o r  ir Mach number is about M.01. 

With e s t imted   e r ro r  of  flOO pounds i n   t h e  weight determination 
aad an  estimated  error or" 20.02g i n  normal acceleration i n  corzjunction 
with the e s t i m t e d  Mach  number error ,  the naximum er ror  i n  the determina- 
t ion  of airplane normal-force coefficient would be  aboxt kO.03. 

The filght  deta  obtained  during  the  acceptance  tests of the X-5 air- 
plene  covered an e l t i t ude  range of 10,000 feet to 35,000 f e e t  slld a 
weight  range of 8,350 pounds to 9,650 poufis. The tests were conducted 
at sweep mgles  of 20°, 40°, and 5 8 O  f o r  the  mean t ranslat ion positlo-n_ 
only  end consisted of the  following: (e) Wing-sweep-a&l" chmges at 
about = 0.Sk and 0.85; (b) 1 g stalls a t  sveeg eagles of 20°, 40°, 
and  58 ; (c)  accelerated  turns at 30,000 f e e t  (M = 0.84) and a t  
12,000 Zeet (14 = 0.83 ) f o r  sveep angles of 20°, bo, md 58O;  and 
( a )  ai leron ro l l s  et  20' sweep f o r  a Mach  number range of  0.54 to 0.81. 

RESXLTS AJD DISCUSSION 

Loptgitudinal S t zb i l i t y  and Control 

Effect of sweep on longitudinal t r i m . -  Filsure 6 presents t h e  
his tor ies  of sveep-mgle changes Trom 20° t o  57 and from 57' t o  21° a t  "0 

a Mach n-m-oer of  aboui 0.54 &d et ex- a l t i t ube  of 20,000 fee t .  P- t h e  
history of e continuous  sweepangle ctx,nlge cram ZOO t o  59' t o  20' at a 
Mech  number of about  0.85 and an a l t i t ude  of about 20,000 f e e t  i s  pre- 
sented  in  f igure 7. The e f f ec t  of sweep  on longi tudiml  t r i m  is pre- 
sented  in  f igure 8 as the vmia t ion  of elevator  position  required  for 
tria wi-th angle  of  sveep.  These data were teken frox  f igures 6 znd 7 
end indicate that at  the low Mech number the elevztor  required  for t r i m  
grdual ly   increases  from lo up at 20° sweepback t o  ebout 2.5' ug at  
40' sveepback and then  decreeses  to  about 2' us at 58' sweepback. The 
elevator  reqdired  for t r i m  wes  determined by a sumnation of the change 
in   e levator   reqaire0 for each  indivicual sweep-angle change end vould, 
therefore,  generelly epgljr for the   ini t ia l   ta i l - incidence  set t ing or" -3'. 
The chenge i n  t r i m  i s  acconp,nie0 by E 12-pomd change Fn s t ick  force.  
At the higher Mach nmber the triG i s  &pprox7b-ately constant at 1 up 0 

- 
I - 
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elevator from 20' t o  30' sweepback znd then  gradually  decreases  to 
about 1.5' do-m e leva tor   a t  60' sweepbeck. Although the   chnge   in  
elevator  deflection  reqgired  for t r i m  with sweeg i s  small a t  a Mach 
r a b e r  of 0.85, there is a change Cn elevator  st ick  force of ebout 
40 gounh. (See f ig .  7.) The probable  causes  for  the  scatter between 
data taken with increasing and decreasing sweep mgle  were changes i n  
Mach nmber,   al t i tude,  and normal acceleration  during  tne  sweepangle 
change. 

The effect  of sweepback on longitudinal t r i m  mzy elso be seen i n  
figure 9 where the  variations of stabilizer  deflectior,  reqdired  for 
trim w i t h  indicated cirspeed f o r  sweep zngles of 20°, 40°, and 58' are  
shown. These t r i m  data were obtained with zero  elevator  stick  force 
and v i th  the elevekor  deflectior,  varying f r m  0' t o  lo ug. The varia- 
t ion  of stabii izer  heflection  required  for trin i s  s tab le   for  a l l  swesp 
angles, - i t h  negetive  stabilizer  Oeflec%ion  decreasing with increasing 
airspeed. Although the  data were obtained  over a11 a l t i tude  range of 
aboct 10,000 t o  45,000 feet ,   insaff ic ient   tes t   points   are   evai lable   to  
show the effects  of a l t i tude  on trix. Data presenteii in  reference 1 
indice.te t ha t  the mximuii downward ta i l  load occurs a t  approximately 
36' sweegback; bowevcr, insuff ic ient   i -afomatim is available  to 
determine  the sweer, angle  requiring maximm trir. 

Stall-approach  2ata.-  Stall-approach  data ?or the  clean  configure- 
t i on  zt 20°, 40°, m-6 58O sweegback are  presenteeci i n  figclre 10. - 
Horizootal-tail-load  informztion is also  presented as the  coefficient C N ~ ,  
t o  show the variation of  wing-2melage s t a b i l i t y  with l i f t .  Bec&me of 
high  angular  pitching  accelerations and buffet acceleretions,  the  accuracy 
of  readips  the t a i l  loads w a s  low; t'nerefore,  the  data above a = 18.5O 
at 40' sweepback have been  omitted. A measure of the s t a b i l i t y  of the 
airplane is also shown i n   f i g a r e  10 as a variation of elevator  position 
w i t h  airplane  norml-force  coefficient. There is an abmpt  increase i n  
s t a b i l i t y   f o r  20' sweepkack a t  C N ~  = 0.7 aad a t  mA = 0.8 f o r  
40' sweepback. Rowever, there is a trend toward neu t r a l   s t ab i l i t y  a t  
4.0' sweepback p r i o r   t o  the abrupt   increase  in   s tabi l i ty .  A t  58' sweepback 
E condition of neut ra l   s taSi l i ty   ex is t s  &bove = 0.7. The measured 
velllle of the slope of the airplane norrnal-force-coefficient curve with 
angle of ,attack  (fig. 10) in  the  lFnear  gortion is about  0.058 at 
20° sweepback and about 0.045 at 40° and 58' sweepback. Tnere was sone 
sticking of the angle-of-attack vane which mde  the mgle of a t tack 
measured Tor t:?e 40' sweepback data  queationcble;  therefore, the vzlue 
of 0.045 measured as the  slope  of  the  airglane rmrmal-force-coefficient 
cu-me with angle of a t tack  may be in   e r ror .  

A s  noted b y  the  pi lot ,   the  stall  approech and recovery were con- 
ventionaloet 20' 40° sweepback with no unusual  tendency to Ditch ur), 
bu t   a t  58 sweepback e. mild longitudinal  instabil i ty was observed. The 
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pilot  reported a stallverniv?@; in  the  form  of  buffeting  at  indicated 
airspeeds of about 180, 175, and I80 miles per  hour  for  sweep  angles 
of 20°, kOo, an6 58'. A buffet-intensity  rise  vas  noted on the  recorcs 
at  similar  indicated  airspeeds. 

Since  the  maneuvers  xere  terminated  grior to a complete  stall,  the 
present  data  do  not filly describe  the  stallirrg  charecteristics in the 
clean  configuration. 

Accelerated  maneuvers.-  Data fron accelerated t u r n  gerfomed at 
20°, No, and 58O sveegback  et  Mach  numbers  near 0.84 ead aa altitude 
of 3O,OOO feet  are  presented  ir-  figure ll. An instebility  at  Yne  hfgher 
nomal-force coefficients  for dl sweeF  engles  was  indicated  by 2. change 
from a positive  to a negative  slope of the  curve  of 6e against %A' 
At 20' sweepback Ynis decrease in stability occms et CnA = 0.5 at e 
Mach  number of 0.82. An abrupt  decresse in stability  occurs at C N ~  = 0.5 

and a Mach nmber of &out 0.84 at 40' sweeyback and at C N ~  = 0.56 at 
58' sweep3ack  following s decrease in Mach nmber about 0.80. The 
velue of the  meesured  slope of Clqda decreased  from  about 0.0% at 

were  not  evailable  to  determine  the  value of the  slope at LOo sweepback. 
Most of  the  decrease in  the  slope CN a was  caused  by  the  decrease 
t-n aspect  ratio  from 6.1 to  2.2  associated  with a sweep-angle  cbznge 
from 20' to 58'. The elevztor-control-force  gradient  meesured  from 
the  Tariation of elevator  control  force with normal acceleration is 
high,  increasing  from  &bout 33 pounds  per g at 20° sweesback  to  about 
38 pouz7,ds  per g at kOo end 58O sweepback  (fig. U). 

- 20° sweepback  to 0.05 at 58O sweepback.  Angle-of-attack  measurements 

- A/ 

It  was  reqcired in  the  acceptance  program  that  Yce  airplane  be 
dmonstreted  to a loa6  factor  of 5.86g at a Mzch  nuaber  of 0.8 and an 
altitude  of  12,000  feet.  Figure 12 presents  the  data  obtained  from  the 
eccelerated  maneuvers  performed  at  sweep  angles of 20°, hOo, and 58'. 
Because of the  high  stick  forces  resulting  from  the  high  stability 
hherent in the  airplane, as noted in figure 12 where  elevator  control 
Zorce  is  gresented as E. variation  with llormal acceleration,  the mexinum 
load  factors  the  @lot  could  attain  were 3.98, 4.0g, and 4.9g for 
sweep  engles of 20°, 40°, and 58O, respectively. IO cmsarison with 
the  date  obtair-ed  at 30,000 feet, the slopes d&e/dCNA  obteined at 
12,000 feet  inaicate an increase in stability.  However,  the  tail  loads 
show  no  change in stability of the  wing-fuselage  combination,  indicating 
that  the  change in apparent  stability may be  caused by defomation of 
the  tail  and  the  change i?2 the  curvature of the  flight  path  with  altitude 
for e constant C N ~ .  

The high  degree  of  stebility et low normal-force  coefficients as 
I determined  by  the  neasured  slopes of 6e  against C N ~  in figure 11 
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mey be pa r t i a l ly  explained by figure 13  i n  which the posit ion of the 
aerodynamic center of the wing-fuselage  combination and airplane  center- 
of-gravity  sosition  in  percent rnean aerodynamic chord are  presented  for 
3 wing  sweep angles. These data were obtained from reference 1. 
Although the  center-of-gravity  position changes from ebout 23 percent 
t o  45 percent mean aerodynamic chord as t'ne sweepback changes from 20' 
t o  5g0, the wing-fuselage cosbination  remsins  almost  neutrally  stable 
tkroughout  the sweep range as indicated by the varietion of' the wing- 
fuselage  s ta t ic  margin ( X / F ) ~  w i t h  sweep angle as shown in   f i gu re  13. 
The large  horizontal- ta i l   contr ibEtion  to   s ta5i l i ty  is a r e su l t  of e 
k r g e  t a i l  needed t o  t r i m  t'ne airplane i n  the power-on landing  configu- 
ration (s la ts   out ,   f laps  down, and gear down). Therefore,  the  very 
high s t a b i l i t y  of the a i r p l m e  is  caused by the large  horizontal-tail  
contribution with a minor contribution from the wlng-fuselage  conbination. 

Lateral  Control 

A limited  mount  of  eileron-effectiveness data from ru&der-fixed 
r o l l s  was obtained a t  25,000 f ee t   fo r  Mach  numbers of about  0.54, 0.72, 
and 0.81 et 20' sweepback. The maximm. "Uta1 aileron  beflections 
attained were determined by the -aximum s t ick   force   the   p i lo t  could 
exert. 

Aileron  effectiveness  as  evaluated  in terms of the variation of w i n g -  - 
t ip   hel ix   angle  pb/2V and the c:nge  in   a i leron  s t ick  force wi th  t o t a l  
aileron  deflection is presented in   f i gu re  14. A t  YAch nmbers of 0.54 
an6 0.72, pb/W is apyroximtely  l inear wit'n total   a i leron  def lect ion.  
A t  M = 0.81, pb/2V is near ly   l inear  w f t h  to ta l   a i le ron   def lec t ion  
up t o  Sq = 410° and becomes nonlinear above these  deflections. The 
stick force  for zbo7Jt half-deflection  rolls   varied from about 30 pounds 
at M = 0.54 t o  about k5 pounds a t  M = 0.81. 

The wing-tip  helix  angle  per  degree of total   a i leron  def lect ion is 
gresented as ~l function of Mach number in   f igure  15. The slopes  over 
a to ta l   a i le ron   def lec t ion  of *loo were taken from figure 14. These 
values  are  aypreciably lower than  those  predicted  in  reference 4. 

CONCLUSIONS 

From the  results  obtained  during  the accep2ance t e s t s  of t'ne Bell  
X-5 a i q l a n e  it m y  be concluded that: 

1. A change i n  sweep angle between 20° and 5 9 O  a t  Mach r-umbers of 
0.54 m-d 0.85 hEta only a small effect  on longitudinal t r i m  with maximum 
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chznge of 2 .so in  elevator  deflection  required at a Mch nudoer of 0.85. 
However, sweeping the wing produced a total stick-force change of about 
40 porn-& a t  a Mach nuQber of 0.85. 

2.  I n  s ta l l  approaches at low Mach numbers the  s tabi l i ty   increased 
rapidly a t  bigher  normal-force  coefficients  for  both 20° and 40° sweep- 
back, but a t  58' sweepback & condition of' neu t ra l   s tzb i l i ty   ex is ted  a t  
normal-force coefficients zbove 0.7. 

3. A t  Mach nuxbers  near 0.80 there  was an insta 'c i l i ty  a t  n o m l -  
force  coefficients above 0.5 for all swees m g l e s .  

4. The airplazze w c s  very stable longitudinally at l i f t  coefficients 
up t o  &bout 0.3, resul t ing  in   meuvering  s t ick-force gra5,ients i n  excess 
of 33 pounds per  g for a l l  sweep Eslgles. A s  a result of t h i s  'nigh sta- 
b i l i t y  it w a s  not  possible  to  obtain =ore t b m  4.9g at 12,000 f e e t  and 
a 3kch number near 0.80. 

5. The EileroE  effectiveness at 20' sweepback was low over the  range 
of %ch numbers f rox 0.54 t o  0.81. 

Langley Aeroneuticd  Laboratory, 
Xationel  Advisory  Cornittee f o r  Aeronautics, 

Langley Field, V a  
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TABLE I .. PHYSICAL CHKRACTERISTICS OF LE X-5 AIRPLAPiiE 
. 

Airplene: . Weight. l b  : 

?ull fue l  . . . . . . . . . . . . . . . . . . . . . . . . . .  9. 960 
Less f u e l  . . . . . . . . . . . . . . . . . . . . . . . . . .  7. 850 

-4xial-flov  turbojet  engine . . . . . . . . . . . . . . .  5-35-A-17 
Guaranteed rated thrust st 7. 800 r p m  an& s t a t i c  

sea-level  coEditions. l b  . . . . . . . . . . . . . . . . .  4. 900 

Power plant : 

bIoments o r  inertia  (clean  configuration . full fuel) .  
slug-f t2: 
Sweep angle at 0.25 loca l  chord. deg . . . . . .  20 h.5 59 
About X - a x i s  . . . . . . . . . . . . . . . . . . .  Not available 

About Z-2x5s . . . . . . . . . . . . . . . . . . .  Not available 

Swees argle. deg . . . . . . . . . . . . . . . .  20 45 . 59 
Full f u e l  . . . . . . . . . . . . . . . . . . .  2L.7 32.0 45.6 
Less f u e l  . . . . . . . . . . . . . . . . . . .  26.3 33.0 46.2 
Over-st11 height. f t  . . . . . . . . . . . . . . . . . . . . .  12.2 
Over-all  length. ft . . . . . . . . . . . . . . . . . . . . .  33.6 

Abodt Y-axis . . . . . . . . . . . . . .  9. 450 9. 720 9. 810 

Center-of-gravity  position.  gercent M.A.C.: 

. 

Vir!! : 
AirZoil  section  (gerpendicular  to  e38.02-percent-cbrd l i re)  : 

Pivot  point . . . . . . . . . . . . . . . . . . . .  
T i p  . . . . . . . . . . . . . . . . . . . . . .  

Sweep mgle  at 0.25 loca l  chord. deg . . . . . . . . . . . . . .  20 
Area: sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  167.0 . 
Spar between equivdeat   t ips .  f t  . . . . . . . . . . . . . . .  30.9 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  6.09 
Tager r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.435 
Mear eerociymmic chord. f t  . . . . . . . . . . . . . . . . . .  5.61 
Locztion of leading edge of mean aerodymmAc chord. 

fuselage  station . . . . . . . . . . . . . . . . . . . . . .  139.9 
Incicence.  root chord. deg . . . . . . . . . . . . . . . . . . .  0 
Dihedrsi. deg . . . . . .  : . . . . . . . . . . . . . . . . . . .  0 
Geometric zvist. deg . . . . . . . . . . . . . . . . . . . . . .  0 

Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . .  .l 5.9 
Spzn. pa ra l l e l  t o  hirige center  line. I"t . . . . . . . . . . .  6.53 
Chord. pa ra l l e l  t o  l i n e  or' symmetry a t  20' swee9back. f n  . : 

s p ~ .  ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  31.9 

wing f laps   ( sp l i t )  : 

aoot . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.8 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.2 

Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  Bo 
"" 1 

-.-.t$AUr . 



Slats (leaaing edge divided) : 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  
Span. peral le l   to   leading ecige. f t  . . . . . . . . . . . . . .  
Chord. perger.dicular %o l e d i n g  edge. i n  . . 

Root . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Travel.  percent wing chord: 
Forward . . . . . . . . . . . . . . . . . . . . . . . . . .  
Down . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Area (each  aileron SehiDd hinge l i ne ) .  sa_ f t  . . . . . . . .  
Span pera l le l  XI hinge  center  line. I"t . . . . . . . . . . .  
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . .  
C3ord. percent wing chord . . . . . . . . . . . . . . . . . .  
Moment area  rearward of hinge l i n e   ( t o t a l ) .   i n  . 3 . . . . . .  

Aileroc (0.45ca internal-seal  pressure  balance) : 

14.6 
10.3 

11.1 
6.6 

. 1 0  

. 5  

3.62 
5.15 
f15 

19.7 
4. 380 

Eorizoritlal tai l :  
A i r fo i l  section  (garallel  t o  fae lage   cen ter   l ine)  . . .  NACA 65AOO6 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  31.5 
Spen. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.56 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.9 
Sweeg angle a t  0.25-sercerG  chord.  deg . . . . . . . . . . . .  45 
Hean a e r o ~ m n i c  chor6. in . . . . . . . . . . . . . . . . . . . .  42.8 
Posi%ion of 0.25  xean a e r o d y n d c  chord. IZselage  station . . .  355.6 
Sts3 t l izer  trave;. (pover-actuated). deg: 

Leading edge ur, . . . . . . . . . . . . . . . . . . . . . . .  4.5 
LeaCing edge down . . . . . . . . . . . . . . . . . . . . .  7.5 

Area reemard of hinge l ine.  sq ft . . . . . . . . . . . . .  6.9 
Travel frm s tzb i l izer .  deg: 

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Chord. percent 'norLzoxrLa1 ta i l  chord . . . . . . . . . . . . .  30 
xornenc area re.arward of hinge =ne ( t o t s l ) .   i n  . 3 . . . . . .  4. 200 

Elevator (0.2OSCe overhang balance. 31.5 percer, t span) : 

Verf ica l   t a i l :  
Ai r fo i l   sec t ion   (para l le l   to  rem fuselage 

center   l ine)  . . . . . . . . . . . . . . . . . . . . .  NACA 65~006 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  . 2  9.5 
Span. gemenaicular t o  rear  PJeelage  center  line. I"t . . . . .  6.25 
Aspec t ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.32 
Sweep &qgl-e of leadillg edge. deg . . . . . . . . . . . . . . . .  43 
Fin: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21c.8 a . 
. 



TABLE I .- PhYSICAL  CHAEACT3:RISTICS OF BELL X-5 AIFPL.i - Concluded 

Rudder (0 231cr overkng  balence, 26.3 sercent  span) : 
Area rezrwzrd  hinge l ine ,  sq ft . . . . . . . . . . . . . . . .  4.7 
Span, I"t . . . . . . . . . . . . . . . . . . . . . . . . . .  4.4.3 
Travel, deg . . . . . . . . . . . . . . . . . . . . . . . . .  f35 
Chord, percent  horizontal ta i l  chord . . . . . . . . . . . .  22.7 
Monext area reamard of hinge l ine,  111.3 . . . . . . . . . .  3,585 

\=qzz 

. 
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TAXZ 11.- CZhTER-OF-GRAVITY POSITIONS 

20.0 to 30.6 
30.6 t o  40.4 
40.4 to 45.0 
45.0 to 50.0 
50.0 to 54.5 
54.5 to 57.1; 
57.4 to 21.0 

20 
59 
20 

20 
40 
58 
20 
40 
58 

20 
40 
58 
20 
40 
58 

20 
40 
58 
20 
40 
58 

20 

Center-of-gravity  position, 
percent M.A.C. 

"" 

22.9 to 23.2 
23.2 to 27.0 
27.0 to 30.5 
30.5 to 34.1 
34.1 to 39.3 
39.3 t o  42.1: 
42.4 to 23.0 

23.6 

23.6 

28 .o 
43.5 

28.0 

44.6 

24.0 

24.0 

43.6 

23 .o 
28.0 

23 .o 
28 .o 

43 6. 

43.6 

24.2 
28.2 
43.7- 
24.2 
28.2 
43.7 

23.0 

23 .o 
c_ 

\NACA/ ""." 



NACA RE.I L52Kl& 15 

(a) 20' sweepback. 

(b) 45' sweep3ack. 

s 

- -, f 

~-"' ' -e- - 

* r -  

.. i. 

( c )  60' sweepback. 

Figure 1. - Photographs of the Bell X-5 airplane in fl ight.  
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Figure 3.- Three-view drewi-w of the X-5 alrplase. 
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Figure 4.- W i n g  pivot-point  location  plotted  against wing sweep  angle. 
X-5 airplane. 
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Figure 5.- D h e n s i o n a l  characteristics of X-5 airplane plotted against 
wing sweep. angle. 
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Figure 6 . -  Coacluded. 
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Figure 7.- Time history of a continuous wing-sweep chELnge i n  the clean 
configuration  near M = 0.85. 
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24 NACA RM ~ 5 2 ~ 1 8 b  

Ay4 = 40.0 

0 

4 I 
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Figure 9.- Variation of stabilizer deflection  required for trin with 
indicated velocity fo r  sweeg angles of 20°, U0, and 58'. 6, 0'. 
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Figure 10.- Variation of measured quantities  obteined during s t a l l  
approaches in  the  clean  configuration at 20,000 f e e t   f o r  sweep mgles  
of 200, 400, ana 5G0. ' 
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Figure 10. - Concluded. 
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Figure 11.- Varietion of measured  quantities  obtained during accelerated 
flight in clean corfiguration ne&r a Mach number of 0.84 f o r  sweep 
eagles of 20°, bo, and 58O. % = 30,000 feet. 



w
 
0
 

/ 
2 

3 

I
 

. 

4 
/ 

2 
3 

4 
/ 

2 
3 

4
 

F
ig

ur
e 
11
. - 

C
on

cl
ud

ed
. 

I 
I
 

"
 



.G4 

0 

-. G4 

-.m 

8 

4 

0 

0 2 

Figme 12.- Variation of measured qutities obtained during eccelerated 
flight in the  clean  configuration neaz a Mach nmiber of 0.83 for sweep 
angles of 20°, 4oo, end 58'. k?p = 12,000 feet. - 
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0 20 40 60 

Figure 13.- Variation of aerowamic  center end stet ic  margin of the 
wing-fuselage combination and the airplane center of gravity with 
wing sweep angle a t  M x 0.83. 
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Figure 14.- Variation of a i le ron   s t ick  force and wfng-tip helix -le 
w i t h  total   ai leron  deflection  in  the  clean  configuration for Mach 
numbers of 0.54, 0.72, and 0.81 a t  20' aweepback. hp = 25,000 feet .  
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